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(54) SEMICONDUCTOR LIGHT-EMITTING ELEMENT 

(57)Abstract: 

PURPOSE: To form a high-efficiency light-emitting center inside a 
light-emitting layer at high density and to realize a high-brightness and 
short-wavelength light-emitting operation by a method wherein the 
light-emitting layer which uses a GaN-based mate rial and whose 
composition is specific is doped with a specific element. 
CONSTITUTION: In a semiconductor light-emitting element, a double 
heterojunction structure in which a light-emitting layer 14 composed 
of GaxAly[n1-x-yN (where 0<x<1 and 0<y<1) is sandwiched between, 
and held by, a first-conductivity-type clad layer 13 and a second- 
conductivity-type clad layer 15 is formed on a substrate 1 1. In the 
semiconductor light-emitting element, the light-emitting layer 1 4 is 
doped with at least one kind of element selected from a group 
composed of P, As, Sb and B, and an isoelectronic trap which is 
formed of the doped element is used as the light-emitting center. 
Thereby, when N atoms in GaN are replaced by As atoms, holes are 
restrained in a narrow range at about an atomic distance due to the 
large difference in an electron affinity between the N atoms and the 
As atoms, the overlap of the wave function of electrons and the holes 
is small even at a high concentration, and a drop in light- emitting 

efficiency is suppressed. As a result, the high brightness of the semiconductor light-emitting element can be 
achieved. 



SI fefe#:£aN 



6oM 



, : ; :.^x;x.:-x:;.::;,::::::.;.v:;,-;.:::x:;.;-:. 



>I5 



LEGAL STATUS 

[Date of request for examination] 26.01.2001 
[Date of sending the examiner s decision of rejection] 
[Kind of final disposal of application other than the 
examiners decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiners decision 



http://www19.ipdljpo.gojp/PA1/result/detail/main/wAAAcfa40zDA407249820P1.htm 2004/05/14 



Searching PAJ 



of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://vmw19jpdljpo.gojp/PA1/result/detail/main/wAAAcfa40zDA407249820P1.htm 



<19)B*E1#8W (JP) (12) Q Wi # fft 'Jk ( A ) (IDWIMMftlHH* 

#18^7-249820 



(43)&BHB ¥^7^(1995) 9 ^260 



(51) IntCl. 6 




F I 




HOIS 3/18 














*»* B*E<D»1 OL 5 M) 




wwto- 38159 




000003078 










(22)ffl!§IB 


¥/£6¥(1994) 3J! 9 B 




«*JI|»JI|«re*KWri»T72»«l 






















































(74)ttSIA 





(54) [fg0J3<Z)£lfc] *aMB8*X?> 



(57) K»] 

[Mtftt 3C-SiCSte3 1±t: 4 n-GaN/Xy 
7rB3 2£4M,T, n-GaAlN^7yHH33, 
GaN**I34Rtfp-GaA lN4^yH»35*> 

aNtIMi3 6Mp-GaNa>^^ M17S: 



///////// s^fr 



n-GaN 



p-GoN 

p - GaAflN 

GoN 
n - Go A4N 



n- GoN 



,36 

.35 

.34 
.33 

.32 



3C-SiC£« 



31 



ZZZ3 



—121— 



( 

1 

[^^13 S&±K, Ga, Al, Im-x-y N (0 

<x^l, 0^y<l) A^^^i^iiitiK 
MIBf&ftJl'NcP, As, Sb, B i &t*Bfr£>&3l* 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] £©«©¥»#SBte*Tfc*5V>T* 
fa £ ttffi b T KlWftft & * <0§63frfe > * 

[0 0 0 4] cnsoBin »«fi©**#^"-1f* 
[0 0 0 5] 

[&i8jW»fcbJ:3i:-r*8US] ^(Octa^ffi*. Ga 

[0 0 0 6] ±B*« £#£UT£:2tl*:t> 

COT* ^OB»ttSt^5H GaN^SfiSfflVifc 

*3t» >z-*M®mzm&L?% Z. t 

[0 0 0 7] 



^i¥7-2 4 9 8 2 0 

2 

93te> g«±t£> Ga, Al> I ni-i-j N (0<x^ 

i, o^ y <i) fr*>z>¥&tm&nimnmR&m2m 

As, Sb, B l&XfBfr*>fcZ>m&K>m\*ft1t&fc< 

[0 0 0 8] *5eW©3*LV>ISJB18«fcLT 

(1) IHLhfc. Ga, Alt In!-,-. NJi (0<s^ 
l, 0<t^i) ti>tt&Kim9M0>97yVM* G 
ai Aly I m-i-y Nl (0<x^l, 0^y<l, 
y<t)^^M&^Ga. Alt Ui-,-, N 

JI*HCP, As, Sb, B iXttBtfflUDStU ttfflU 

(2) Sfc£bT> U-^r^TWRXttS i caSSfcfflV^ 

(3) nI^7yHIttSiH-^©GaN, pS^7y 
HlliMg F-^OGaN, SXJItiAs H-^Ga 

(4) piWnKD^7yHIliGaAlN, SgftJfte 
GaNT^SC^ 

(5) piR«nS©^77 HJBttI nGaA 1 N, fflt 
M\tl nGaNTfe?>:t. 

(6) IS3fcJB + fc*JD3nfcP, As, Sb, BiXteB 
G>«ffi£* lxlO I8 -5X10 l9 cm- 8 ^Il:t^ 

[0 0 0 9] 

ItNSl $£%m (SttJB) + x l o 18 cnr'EU:* 
9k&(0 T 2 -fe F £8sin b fell* ©583fc»*ffiT 

[0 0 10] *XH#&0>0MK:<J;ni& GaNW 

Bf«intni:«ss8^p, as, sb, Bitt 

JUAens^t^flflbfe. ^l<DJ:3^#t^ GaN 
Ci^fGalnN, GaAIN, AlGalnNlcS 

[ooii] fiE7T*»iol:> SSftJl KP, a 
s, Sb, Bi£tginU cn5©iw»«t5*« 



—122— 



(3) 

3 

i3£\zmzft%}~c$>z> 0 fattens y?)v^u&& 

X \Z it h TS5 ^m&XlE&^m^ifift A $ ti 

[0 0 1 23 £fc> CO^tCcfcn^, »fiffi|P^ai± 
T€r*«*tTfc<* *-n>;&T«£flurr*»3©tt 

*tftl£#»CfiSfcR<ftrr*. GalnN, G a A 

IN, AlGa InNm<Dm&\zmiMTZ>Zt\Z*t), 

[0 0 1 33 fiU^©*»»C^^Tt>, ^3K«©»Jn* 
#1X1 0 20 cm- 8 &mx&M&mv\*Z&£l»*tfi&-F 

3W'fr<Z>£t«J&U x 1 0 18 cnr 3 £U5x 1 0 19 cm* 3 

tLT\zmzBifi$>r). z:<Dm&\z\zGam?tm»t< 

LT^ilCinU GaN*©ag***tMII-V»flS 
[0 0 14] 

7 7^72^1 l±CJI$5Onm0GaNA7 7 7i 
12^bt, ni0GaN^7^/FI13 (S i F— 30 
7: 5X 1 0 17 cnr 3 , JP$ 1 W m) % As^K-^l 
ftJPSO. 5Mm0GaN^|14, plfOGaN^ 
?y KH 1 5 (Mg K— zf: 1 X 1 0 18 cm 3 , JPS 1 

T^5o fbt, b'JSl 5_hCD— &\z\Zx>Wm& 

i 6*t^^ti, ;t^7rBi 2<D«!l®tc:«n^im® 1 

[0 0 1 53 3B}fcJf 1 4 4 , OAs©18gli5x 1 0 19 c 
nr 3 T&£o ^^^tLT^AsCO^tC, P, Sb, 
Bi, B*#tftftT*«#t. «SJ&S<B§g 40 

[0 0 1 63 MSHT^ 
£G aNiCA s fc^ta-r^chKcfcrK GaN^(DNJg 
f&^ni:Hi;i5ft&»rJAsTBfrM5Ci:i:ft 

mftfimT-mmffinmnm&T&^&mizj&nztis 
<* &yt&m<D{&T*mmmzw?L*>tiz>o z<Dfz&. 

^\Zte\,>m»m{KtfM&V&2>. 50 



W7-2 4 9 8 2 0 

4 

[0 0 1 73 0 2tt* **JS«*^«>3WBfcffiffl L&jgS 

afis$»x«5»xsn*. fir, s&^2 ii*3ce># 
Co o l 83 S*«2 l rtfcra, *-#>»©tHz:/* 

2 4^Ea^nT*5D, ^Sfe2 7«dCD^y^2 
4±tcm®$n^ 0 IHr^ 2 4fcEKWftrK 

&2 7 <DMm\Zmi*<D&Mtt2 6\Z&*DTMfe2ft* Wl 

(D&mizkvmmtstiz* 

[0 0 1 93 &\Z. H2©SMitifcLED©«6* 

Sfill) &U-fe^2 4±JC««f i/X#AQ2 
2*>SK«lfoK*£ff$M 13IAU HJ&^2 lft(D* 
^S:g^-r-5o SK^T?, ^^P2 3 50-^U^ 
>:/KSttU E«f2 1fl$«BEU ««OB£**2 
0-3 0 OTorrflXBHKWTr*. 
[0 0 2 03 #C^T, &4£M&£4 5 0-9 0 0X:\Z{& 
TSIt&ft* Hz #X£NH 3 N 2 H4 #X^V> 

«N£$&#flHfr&«N «*tt (CHs ) a N 2 H 2 

(CH 3 ) s jJWJGa (CzHs ) s SWALTMS 
fro. H^MSIi^Cfi^lAlfl:^ «*tfA 

1 (CH 3 ) 3 *WiAl (C 2 H 5 ) s > 
nfls^tt. Mln (CH 3 ) s J&WZ1 n (C 2 H 
5 ) a «*ALTA1, I n (D^jfJU^rff^o 
[0 0 2 13 H-bf>^fT-5^JC«H-tr>^ll 

^^i^^tcSAf^o \*-\±>ifmwmtvx\zs im 
tvxs *j*tfs ih< ftt>tt«tt&jRs 

ift^w, «*«s i (CHs ) < > usmtLxmm 

&JRMg W?L\Z (C 2 Hs ) a Mg, (Ce H 

7 ) 2 Mg, ZnlilTlfiiiPlZnft^ft, fll^tf 
Zn (CH 3 ) 2 , Zn (C 2 H 5 ) 2 , CdltLT 
tWICdfc^ tfJAfcfCd (C H 3 ) 2 , C d 
(Ca Hs ) a , *&»B-r*. 

(**«2) 0 3ii *5zm<Dm2<D^mm\z&t)Z>* 

3C Cfr^H) -SiCM3 1±l:n-GaNAV7 
7i3 2«^n, f<D±{:n-AlGaN^7^ K 
133, As &«jmLfcGaN383fcJB3 4, RtXp-A 
lGaN^7^HI3 5^e»^^yy;^^P^&^jg 

3 5±tC«A h^^y^a$r^T*r^>n-GaNm»t9l 
JtS3 6^j*$n» -?-CD±lCp-GaN3>^^ 

3 7«tM$ntM. ^UT, zi>^hJg3 7±K: 
ttp«iS3 8^j5S3tl, S«3 lOTifcttnflt 

S3 9#ms3nTv>*. 

[0 0 2 23 i©cfc^«:«fiET*n«, *3K»3 4-C* 
SGaNICAs &mM-r2>Z.L\Zl:r). GuNtpCDNm 



—123— 



5 

C0 0 2 3]fiP^v 3C-SiCS^4 1±{:n-Ga 
NA'77714 2, n-InGaAlN^77HI4 
3. As^WbfcInGaNM!4 4, p-InG 
aAlN^7^Fi4 StiWf&ZtL. t<D±\Zn- I n 
GaAlNtmiti4 6, p-InGaAlN3>^ 
^M4 7d«^nT^-5, W®4 8, 4 9ttV)f 

[0 0 2 4] £(&£5fc#§J&T&oTt>, S&2<D^5§0i| 

(^#14) 0 5te, *^^m4CD^^^^^¥ 

[0 0 2 5]IP^ 3C-SiCSfi51±Cn-In 
GaAlNAy7rB52, n-InGaAlN^7*; 

As5MtfcInGaAlN^l54, 
p-InGaAlN^77Hi55«$n, ^CD± 
Cn-InGaAlNiMjhl5 6, p-InGaA 
iN3>^^M5 7«$tlT^ 0 ^©5 8, 
5 Qte^mfc^T&So 

[0026] cc^ct^^^-eaboTfe. &2<Dmmm 

^ss^ra*. &ytm\zmm-?z>7£m£ lta s 

<. vt^tiT^p, sb, b i &m>z>zt*>~c 

^^>o GaNONTli^<GailM§7ci«i: 

[0027] &tc. m?mm\*$mwvmwisfci%<D\z 

mZ>h<D-?\*te<* GaN^^f^fc^Mfa 



(4) ^W7-249 8 2 0 

[0 0 2 8] 

imwvmm sk±m)£istz&o\z*Rimz£n&. fg 

3ti^^>Ga I n A 1 Nm*\Z7%&yt%i&<DRyt*& 
[0 1] fBi©*«Wc«*>SLED<oSlT«K6^"r 

vmm. 

iM2] mi (DmmmmTnm&izmm Lfc/ssftiB* 
10 mttimmim. 

[03] m2<Dnmm\z&t>z>*m»u-*?<Dm : ?M& 

[04] m3<Dmmm\z#t>*¥m»i'--*f<DmTmm 

[0 5] «4©**WJC«t)«***^-lf<0*^«i6 

1 l-^r-fTSS 
1 2, 32, 4 2-n-GaN;^7rI 
a? 13-n-GaN^77Fi 

14, 3 4-GaN»U QSffll) 
1 5-p-GaN^77 FJ1 

1 6, 1 7, 3 8, 3 9, 4 8, 4 9, 5 8, 5 9-* 

m 

2 2~axmAo 

2 4-iMr^ 
2 5-K««n-f;v 

2 7 -ttft&K 

31, 41, 5 1-3C-S i CS« 
33-n-GaA lN^7:y FJI 
35-p-GaAlN^77HI 

3 6-n-GaNm^Sih^ 

3 7-p-GaNH>^ hm 

43, 53-n-InGaAlN^7^Fi 

4 4-1 nGaNM 

4 5, 55-p- I nGaAl N^7"yy 
40 4 6, 5 6-n-InGaAlNMijtI 
4 7, 5 7 — p — I nGaA 1 N3>^^ hM 
52-n-InGaAl N/b7ri 
4 5-1 nGaAlNOT 



—124— 



(5) 



#I¥7-24 9 8 2 0 



[HI] 



[02] 



[03] 



[04] 



17^ 



TJ//SAS 



16 



Mg GaN 



Se,MqK~:/GoN 



SI K-7 6a N 



GoN 



[05] 



p-InGoA?N 



P~]nGoA$N 



InGoAtl L 



n-InGaAjN 



n-InGoASN 



3C-SiCg«S —5| 

J 1 J J J , 3 T-l^?f> 



-58 
-56 

-52 




p-GoN 



n-GaN 



p - Ga A?N 



GoN 



n-GoAtN 



n- GoN 



3C-SiC 



^38 
-37 

^36 
^35 
^34 
-33 

-32 

^31 

-39 



n-lnGoAfil 



p-fnGoAQN 



p-InGaA(N 



InGaN 



n-InGoA&N 



GoN 



3C-SICSte 



-48 
-47 

-46 
.45 
.44 
^43 

-41 
-49 



—125— 



6 



